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ZKHUH W rms  LV WKH 506 GHOD\ VSUHDG RI WKH 5D\OHLJKIDGHG
FRPSRQHQWV  ,Q WKH VLPXODWLRQ ZH FRQVLGHUHG WKDW W rms  d
QV DQG VHW L     :H FRQVLGHU WKDW K  UDQJHV IURP
f G% WR G% >@>@  7KH SUREDELOLW\ RI V\QFKURQL]DWLRQ
IDLOXUHPfail ZDVVLPXODWHGDJDLQVWE Nds 0 ZKHUHEds LVWKH
HQHUJ\ RI D GDWD V\PERO  7KH VLJQDOWRQRLVH UDWLR 615
JLYHQE\615  P N W( )0  LV UHODWHG WR E Nds 0 E\615 
52 ( )T Wds Õ E Nds 0 ZKHUHTds  VLV WKHGXUDWLRQRID
GDWD V\PERO H[FOXGLQJ WKH F\FOLF SUHIL[  :H FRQVLGHU WKH
FDVHVWKDWPfail  10
3 DQGPfail  10
4 (DFKPfail YDOXHZDV
JHQHUDWHGE\SHUIRUPLQJ106 VLPXODWLRQUXQV
7DEOH , OLVWV WKH VLPXODWHG Pfail  YDOXHV IRU foff   ^⁄
N+] ⁄N+] N+] N+] N+]‘ DQG E  ^
‘DW E Nds 0  G% K  G%DQGW rms  ^QV
QV‘  ,W LVDSSDUHQW WKDW WKHFKRLFHRI E  \LHOGV WKH
ORZHVWPfail DPRQJWKHWKUHHFDVHVRIE XQGHUFRQVLGHUDWLRQ
,Q WKH UHVW RI WKH SDSHU ZH FRQVLGHU E      5HVXOWV RI
7DEOH,DOVRVKRZWKDWIRUE  WKHGLIIHUHQFHRIPfail IRU
GLIIHUHQW foff DWDJLYHQE LVZLWKLQDIDFWRURIWKUHHDQGWKH
YDULDWLRQRI Pfail  LV LQJHQHUDOQRW VLJQLILFDQW 7KHUHIRUH LQ
WKH LQYHVWLJDWLRQ WKDW IROORZV ZH FRQVLGHU UHSUHVHQWDWLYH
YDOXHVRIPfail FRPSXWHGE\VHWWLQJ foff  N+]
)LJV DG SORW WKH VLPXODWHG Pfail  YDOXHV DJDLQVW
E Nds 0  IRU W rms    QV QV QV DQG QV 
UHVSHFWLYHO\XQGHUGLIIHUHQWFRQGLWLRQVRIK ,QHDFKILJXUH
Pfail  IRU W rms    QV LV DOVR SORWWHG IRU UHIHUHQFH  7KH
IROORZLQJREVHUYDWLRQVDUHPDGH
 $VH[SHFWHGWKHV\QFKURQL]DWLRQSHUIRUPDQFHLVEHWWHULQ
WKHSUHVHQFHRIDKLJKHU5LFLDQIDFWRU
 $WORZE Nds 0 FRQGLWLRQVG%DQGK ^G%G%
G% G%‘ WKH Pfail  YDOXHV IRU PXOWLSDWK IDGLQJ
FKDQQHOV ZLWK QRQ]HUR W rms  DUH ORZHU WKDQ WKRVH IRU
IUHTXHQF\QRQVHOHFWLYHIDGLQJFKDQQHOVW rms  QV7KH
SHUIRUPDQFH LPSURYHPHQW LV GXH WR WKH PXOWLSDWK
GLYHUVLW\  $W K    f G% WKH SUHVHQFH RI PXOWLSDWK
GLYHUVLW\\LHOGVDEHWWHUSHUIRUPDQFHRQO\IRUWKHFDVHWKDW
W rms  QV
 $WKLJK E Nds 0 FRQGLWLRQVWKHYDOXHVRI Pfail FDQQRWEH
UHGXFHGHYHQLIWKHVLJQDOSRZHULVLQFUHDVHG,WLVGXHWR
WKH SUHVHQFH RI FKDQQHO GLVSHUVLRQ ZKLFK UHVXOWV LQ ,6,
DQGOHDGVWRWKHRFFXUUHQFHRILUUHGXFLEOHSUREDELOLWLHVRI
V\QFKURQL]DWLRQ IDLOXUH  7KH LUUHGXFLEOH Pfail  OLPLWV WKH
EHVWV\QFKURQL]DWLRQSHUIRUPDQFHWKDWFDQEHDFKLHYHGIRU
,(((DZLUHOHVV/$1V  %\H[DPLQLQJWKHLUUHGXFLEOH Pfail YDOXHVXQGHUGLIIHUHQW
7$%/(,
Pfail )25’,))(5(17&20%,1$7,2162) foff $1’E $7E Nds 0  ’%
$1’K  ’%
foff
N+]
E Pfail IRU
W rms  QV
Pfail IRU
W rms  QV
⁄  Õ10 3 Õ10 3
⁄  Õ10 3 Õ10 3
  Õ10 3 Õ10 3
  Õ10 3 Õ10 3
  Õ10 3 Õ10 3
⁄  Õ10 5 Õ10 4
⁄  Õ10 5 Õ10 4
  Õ10 5 Õ10 4
  Õ10 5 Õ10 4
  Õ10 5 Õ10 4
⁄  Õ10 3 Õ10 3
⁄  Õ10 3 Õ10 3
  Õ10 3 Õ10 3
  Õ10 3 Õ10 3
  Õ10 3 Õ10 3
7$%/(,,
08/7,3$7+’,9(56,7<*$,16$7Pfail  10
3
$1’Pfail  10
4

’LYHUVLW\JDLQG%DW
W rms QV K G% Pfail  10
3 Pfail  10
4
f 15 15
  15
   
  
  
f 15 15
 15 15
   
  
  
f 15 15
 15 15
   
  
  
f 15 15
 15 15
   
  
  
15QRWUHDOL]DEOH
HVWLPDWHQRWUHOLDEOHGXHWRULQJLQJRIVLPXODWHGGDWD
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FRQGLWLRQV RI W rms  LW LV DSSDUHQW WKDW DPRUH GLVSHUVLYH
FKDQQHO \LHOGV D SRRUHU V\QFKURQL]DWLRQ SHUIRUPDQFH
7KLV UHVXOW LQGLFDWHV WKDW WKH SHUIRUPDQFH LPSURYHPHQW
GXH WR D KLJKHU GHJUHH RI PXOWLSDWK GLYHUVLW\ FDQQRW
FRPSHQVDWHIRUWKHGHJUDGDWLRQGXHWRPRUH,6,
 ,WLVDSSDUHQWWKDWWKHV\QFKURQL]DWLRQSHUIRUPDQFHLVSRRU
LQ 5D\OHLJKIDGLQJ HQYLURQPHQWV K    f G%  ,Q DOO
FDVHVRIQRQ]HURW rms  WKHLUUHGXFLEOH Pfail YDOXHVFDQQRW
HYHQ EH UHGXFHG WR 10 3   7KH SRRU V\QFKURQL]DWLRQ
SHUIRUPDQFH UHGXFHV WKH FDSDELOLWLHV RI ,((( D
ZLUHOHVV /$1V LQ DSSOLFDWLRQV XVLQJ KDQGKHOG SRUWDEOH
FRPSXWLQJGHYLFHV
7DEOH,,SURYLGHVDVXPPDU\RQWKHPXOWLSDWKGLYHUVLW\JDLQ
ZKLFK LV H[SUHVVHG LQ WHUPV RI WKH UHGXFWLRQ RI E Nds 0  WR
DFKLHYHDPfail RI10
3 RU10 4 7KHUHVXOWVVKRZWKDWLWLVQRW
SRVVLEOHWRUHDOL]HDPXOWLSDWKGLYHUVLW\JDLQLQPRVWFDVHVRI
W rms ZKHQK  f G%DQGG%,WLVEHFDXVHWKHLUUHGXFLEOH
Pfail  YDOXHV DUH JUHDWHU WKDQ 10
3   )RU K    G% D TXLWH
VL]DEOHPXOWLSDWKGLYHUVLW\ JDLQ UDQJLQJ IURP DURXQG G%
WRG%FDQEHREWDLQHG%H\RQG K  G%WKHPXOWLSDWK
GLYHUVLW\JDLQGHFUHDVHVDVK LQFUHDVHV
,9 &21&/86,216
([WHQVLYH VLPXODWLRQ KDV EHHQ FRQGXFWHG IRU
LQYHVWLJDWLQJ WKH WLPLQJV\QFKURQL]DWLRQ SHUIRUPDQFH RI
,(((DZLUHOHVV /$1V RQ IUHTXHQF\VHOHFWLYH5LFLDQ
IDGLQJ FKDQQHOV  ,Q WKH LQYHVWLJDWLRQ E     KDV EHHQ
VHOHFWHG  ,W KDV EHHQ IRXQG WKDW WKH LPSDFW RI IUHTXHQF\
RIIVHWLVLQJHQHUDOQRWVLJQLILFDQW6LPXODWLRQUHVXOWVOHDGWR
WKH IROORZLQJREVHUYDWLRQV $KLJKHU5LFLDQ IDFWRU \LHOGV D
EHWWHU V\QFKURQL]DWLRQ SHUIRUPDQFH  $W ORZ E Nds 0
FRQGLWLRQV WKH PXOWLSDWKGLYHUVLW\ JDLQ HQDEOHV DQ
LPSURYHPHQWRIWKHV\QFKURQL]DWLRQSHUIRUPDQFH+RZHYHU
LUUHGXFLEOH SUREDELOLWLHV RI V\QFKURQL]DWLRQ IDLOXUH RFFXU DW
KLJK E Nds 0  UDWLRV  ,W KDV DOVR EHHQ VKRZQ WKDW D PRUH
GLVSHUVLYH FKDQQHO UHVXOWV LQ D SRRUHU V\QFKURQL]DWLRQ
SHUIRUPDQFH,QDGGLWLRQWKHV\QFKURQL]DWLRQSHUIRUPDQFHLV
SRRULQD5D\OHLJKIDGLQJHQYLURQPHQW
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